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Tf 1 (57) Abstract: An ethylene-vinyl alcohol based copolymer (EVOH), characterized in that it has a proportion of an ethylene unit 
£^ (IE) to the sum (HI+IV+V) of an ethylene unit (HI), a vinyl alcohol unit (TV) and a vinyl ester unit (V) of 20 to 60 mole %, and a 
^1 proportion of the sun (I+H) of a carboxylic acid unit (I) and a lactone ring unit (II) in the copolymer terminal thereof to the above sum 

(in+IV+V) of 0.12 mole % or less; and methods for producing the above EVOH, for example, a method which comprises contacting 
^5 an ethylene-vinyl ester based copolymer prior to saponification and/or EVOH after saponification with a reducing agent. The EVOH 

exhibits significantly improved thermal stability. 
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ftmmm&Rte&tfi* mm® i ~ 1 o mmiico^i^^ ^om^izit. 

5 e voH&7kmmzmm2-&%yfm*s mzmm^nr. evohi 

TfcJcOo ^a&IBML;fc7k;§j££ E V O H igjl^ ?§sAn3!l£J^ 

-rc^w*-*sje ufcaK© e v o H^flif 1 a^^^#e»nr»* uu„ 
io taz£2>*j&<bnm»im-c&% 0 mmjj&iz&^Tit. mz-itmmon 

^ift^TK^jg^p^U, H£fcH](c:#(*TE V O H t7kmmt(D&M& 

?r?T<bm£>ts:iK mz.it. mm\z7j\,jiy&mtk (a) mtcitTkom 
15 it** (b) o^^^wr^7Kj§js<ti$M$i±, v&m 

% (A) (B) lC*D;tT^l£;tf*£#*r-r-57.k}g;& 

7ki§jg^rfflt\T^*PgiJ^3!lP$n^: E V O H, $f j@ (CliE VO H^U 

s <ktfi&m~Q3bZ>o &.n^m\Z%i\zmfe-£W3i\.\1fi x 7 0~1 2 0°CfIJg 
25 tWI** 1SS%UT. ££>fc|*0. 5SS56JUT* C5 
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&L±<D£z> (CUT E V OH|tllMiMie.tl5. E V O H®mm.J& 
^3(*v &m%itoW&&fr? &tfi, iilCilUtl 0 — 1 OOOppm 

EVOHifl||a^©^SS^^h7P-U-h (MFR) (19 0 
5 2 1 60gj|iTt*;IS;fiU, iMl 9 0t#fi$§U«l 9 

o°c^^^^^>(0(*2 1 6 o gmmT*m&yL±<Dmm<Di&m-emm[s. 

t) iUT^Py hi/, 1 9 0°C(CttJ? Ufcfil) tt^illCli 0. 1-2 
00g/1 Om i n. T'^^o M F R (PTPSI* «£ U $Fi§lC(i 0 . 2g/ 
10 1 Om i n. JU±T&y> $ 6> \Z&miZlZ 0 . 5g/1 Om i n. U± 
mm\Zl$ 1 sX 1 0 m i n . Ja±T&<5„ M F R(D±PK 

{*«fcU»iSlC5 Og/1 Om i n. U * £ £ (C$?jllC(i 3 0 g 

/ 1 Omi n . U % «ii(C(i 1 5g/1 0 m i n . J^Tt*§, 

^^h7P-i/- h^±teigsicfcy fe/jN^tMt^icii, mmmizw &m 

EVOHSfettEVOHWIi^ (JUT, *n I IC "3 T IB 

«g"C(i E V O H ^flgfam^tt E V O H £#tmR*T*ffl U3) (D@Rg^^ 
(SO. 03-1. 5d l/g, ffSKIJO. 0 5-1. Od l/g, 
20 $£lc£Fg;0< ISO. 0 7-0. 8 d I / g <£>f&ffl;&> £> iiiR-r & <fc J: U 0 

nrzy^juAizm^ m&*k c < & u * #RS*sjg#±SB@H £± m <s 
<t fig jjz #i <z> ^ m £ s <t $ -t± ^> -r i \ o 

fe0>#a?Tttai* }#3L SEA. #BSttlH. £*tk « 

19 



WO 2004/092234 



PCT/JP2004/004728 



mm±m. &mm* mmm* ±m&* amm* &nmmm<Dmvmm* 
mmmn? %z &o t&mizit^uy ^(Dm-c^mmmxm 

EvoHiiiiiit j§mm^(cj:y y^juA. k urn. /t 
0^<z> e v o H®mmmw&&m-?z><Dizm[sfcmmT*$>&o 

(Dm&miZ*. 1 5 0-2 7 0°C*IJg#$f £ 

E V O H JiJJjif &lEJc$3(3u £> JS:<5E!tff$^ £: 

#i!1i^^(35/i^^<i:UT(*, *£§Wtf)E VOHiiHtt^E, 
1**§tJ!I£Ad, |^pT^tt^i^T-e^to-r<!:, E/T, T/E/T* E 
/Ad/T, T/A d/E/A d/T^iPtf 6>*l3a*, CtUCPEJti* 

±mizKT&mm~Mi*&m&?%*fei*&izm7£t£ftts:^ 0 mxi*. 

EVOHii«W^?5:^M C7^UA. v-hHO ilcg&pTii 

temm&mmn m-r m\zm*immmmw<Dmft±iz*mw<Dffl 
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fc ( t ^ m m -r & # & * w m t? & § . 
io e v o Hffimmi&wtmmTzvizm^zn&mnimfeffiimt ux 

■ (KiS4~20©a-^l/7^» v 7|?U^-^>» t|$ U 
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(tfx;n;*f;K ^f£*n#^7K>Mxxf £<D±t 

10 S%) , if U>7* UJU^if ;HXf Jl/ftM^te (7^JJl/iif 

x^ixvfccfc^x^uy-itmtfx^Jtfi^^^^jc^iiT^^o if 
u >tt^Fiaffi -h (*^o^7X^ t (*if u vtt^iafp^E y * 

^ >f jn*f jma^cf e>n, ftfr/u-?<. m*.-*\s<<> 

20 &a**?3lT&.5o 

xfuvit^^ffi^^TKv^s^w^oit?^^©^-^^^ >i&fi^& 

0 1-1 511%, JfSKttO. 0 2 ~ 1 0H%T'*5. Ifl/> 
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jlJ\s<$>mmi£tfV*l'7 4 ><D 1 9 0°C, 2 1 6 0 g?^aTT»;|i|^U 
fc^JH-7P-l/-h (MFR) ItO. 2~30g/1 O^T&^Cd: 

#Wf;b<, iy^fiKiio. 5-1 og/i o ^ s -e&<g>„ cti£<D 

**14ttMtl*i|i$ll-Cffl UTfc<fc l\ £ Ac ~Sm± LTffl USC 

5 

io (1) ^mm^W (v- h$fcli7<r ;UAi§0 £— $i Tift (C 

JUA 

(2) &mm'&fo («>- h$fcli7^f^Af) £JE3S-r£c<fc(c:J;3^ 
15 (3) &mmmik (y-h*fcli7^^AH) £^£f£?i^ EE£j&ff$* 

(4) &mmm& o^-fm frz<Dx b\sy^-7n-mmmiz&%7$ 

(5) £J|flHiStt (/tUV>t|) *>6©-«ifi|#^P-fiRJig^|c«fc-57H 
20 MM*8» 

(H«S0>J) 

23 



WO 2004/092234 PCT/JP2004/004728 

(1) EVOH(D-»l©Sl (NMRil) 

5 mm?* : B*m=Fm &fcmmmn&mmm Lambda 500 

tl;fJlJi;&iSc :500MHz (1H) , 125. 6 M H z (13C) 
*M1& : DMSO-D6, i&/ * $ / -)V (4:6) 
?K U — : 4 w t % (H-NMR) , 1 0 w t % (C-NMR) 
}lfl^;SJg : 95 °C (H-NMR, C-NMR), 4 0 °C (H-NMR) 
10 mUmWL : 6 0 0 m (H - N M R) % 5 0 0 0 00 (C-NMR) 

/*ji>xm y mumm 4® (h-nmr) , 3fp (c-nmr) 

+>->^HHl^jlJg : 1 0 — 1 2 H z 

<fctf^ h>^M(*H - N M R;S!|J£ (tIc/* $ J -JW^Ms 8 0tfi 
^) £fflUT3¥fcBU/!!: Ufc^*>:7 hfilttTM S <Dtf — & 0 p pm$§$ 
il/^c) o HI 1 <D3--V- b iZTjk-f £. z> IZ 0. 7 ~ 2 . OppmflJ/fU 
>7jc^<PfS**{I (I,), 2. 2-2. 5p p m<D\d-#<Dmftm ( I 2 ) , 
20 2. 5 ~2. 6 5 p p m(£br-*<Z>|»#fii ( I 3 ) £ffllMT* TfBOxfc 
1 (C.fcy^ajU/KViljfccfctf^ h >HM<D3¥{±}£fTo£:o CCT'l 

#fii ( 1 2 ) , ( 1 3 ) izmm* )U7$>m&£zfi^ # h>mm$k<Dtz-# 

(5*1 ) 

200/ 1 +(2/ 2 +/ 3 )/2 
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mi (cisuTv m^m d,) i*. x^u>^& (m) , \^-jvtjv 
^-jum®. (iv) is&TS^-jiJL^T^mtL cv) fc^sti^-r^r© 

(i) <Di2)\,i£**s)\,m\zm&^&cH 2 mfav>*m\zte%i-t%> 0 
5 ft c 1 3 ) mm?* t>>mmitL un o^ju^-jumizmm-r^cH 

(1-2) ^#T-fe5^;USS;l!l^ 

^7t^HlliH-NMR|Jt (DMSOM, 4 0 °C £ 9 5 °C 
T?38^) £fflUT3¥iBU£: Ut^is? hmitmM(D tf-* 2 . 5ppm 
10 £S3I£:U£:) . g| 2 , 3 <D^v - h iC^fcfc V (C 0 . 7~2. Opp 
m©^^U>7jcm(0«^fii ( I ,) , ( I 3 ) ^liiUT, -Zft^tHD 
l^t^feiiftS. ^7t^Hilii2©3. 7~4. OppmO 
(I 2 ) , i3©3. 1—3. 7ppm(Oe-^©l^ 
fit ( I 4) * 1 • 9-2. 1 p pm©lf-^0|^l| ( | 6 ) £/B(,\T, 
15 TfEtf>5£2 l:J:U^il7tf;HI©I|il$ffofc. 
(5C2) 

mwr^jmm. (^;v%) ^ /3/3 , — x ioo 

/ 2 // 1+ (3/ 4+ / 6 )/3/ 3 

112, 3 icfei\T, m^m (i,) d 3 ) it ii <om^m d,) 
iPiiioTkmrcffi^L, «^fi ( 1 2 ) (i, ^-frTfr^-jvm®. (iv) 

20 <D*^>7jcm (P^&^i^l^^tf-^T^m-^KO^^VTk^) (CfiSfe 
U ( I 4 ) te, \d=.)lT)V^-)Vm^L (IV) (D*^>7}<iit (Isl 

l^JflsrO^^ig) lCfc3feU ( I 5) (£v 1, 2 -#^4 
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m& (V) iz&tfZ R (Cffl^f §;*^;US£>7ki5ilc£$fcL/, «#fil (I 
7 ) EVOH^l:^tS-CH 2 CH 3 IlCfcl^^5 1 ;H<D7k 

(1-3) X^l/>aM}IJJ^}£ 
5 l/>tiliH-NMRl^ (DMSOM, 4 0 <C <h 9 5 "CT^IO 

it) ^ffluxstB u/c utmis? hmizmm<De-& 2. 5 P Pm ^s 

ftUfe) o^2, 3 0)^^- h IC^-TJ: 9lC0. 7—1. 8ppm0 

(i,), ( i 3 ) zmmtisTs ^ti-znomft 

i$fe<!:^, 12, 3(Di^1i (1 ,) , ( l 2 ) , ( I 3 ) » ( l 4 ) . 
10 ( I s ) , ( I 6 ) £fflOT, TfB<Di£3 fC J: U X?- U >^S<E>3¥fcB 

(5*3) 

x^>^s (^e;1/%) = 3/1/3 " 2/1 i 3/4 +/ «|" 6f ^ / 3 xioo 

3/^3 +27,(3/4 +/ 6 )+6/ 2 / 3 

(1-4) i, 2 -y^-fu-;ua}Ui^^}i 

15 1, 2 H - N M RiB£ (DM S Oj§$£, 40ti 

9 5tTit) &m^TM&ufc ut&'>7 hmizmmot:-* 2. 5 

p p m£**p<»: Ufc) . m 2 , 3 <D^V- blZ7ik-f&z> IC 0 . 7~2. 
0 p prTKD^^U^?^^^^^ (I,) , ( I 3 ) ZmmtlsT, *rft 

j en<Dmftm&'b£#>tco m3z>3. 1—3. 2 ppm©e-^©i^ 

20 fit (I s ) £ffll^T, TIB<D3t4 (CcfcU 1 , 2-^7^3--lH0ltB^ 
(5*4) 

( ; t;p%) = T 12007,75 ^ xl0Q 

* [37,73+27,(374 + / 6 )+67 2 7 3 J(l00 + £f) 
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(1-5) mmft&mmTtjjfe 
mn&wt^fr (- c h 3 ) ijcHt^^o 

&MW&m\tH - N M R;I!lj£ (DMSOgJI, 4 0ti9 5 "CT}!!!^) 
5 <h C — N M (DM S omM, 9 5^7?;!^) bUffi U£: «b 

hfiiliH-NM R&mt%<DV-& 2. 5 ppm^i^ib, C- 
NMR^TMS©hT-^0 p p m£«ii£ Ufc) . 5fc3g5;* 

0. 7-2. 0 p p irKPj^i/^jci^KDatffii ( 1 3 ) zmmtuxs 

10 j enfno«^t^ i bi:«)§, 0. 7-0. 8 5 p p m(D\£-#<Dmft 
m ( I 7 ) £JS^T* TIH<D^5^rfflUT, ^^5^^^ (~CH 3 ) M<D 

( 1 8 ) , ummw ( 1 9 ) ) . i2~i6 P pm (nttjgm ( i t 0 ) v 

(5*5) 

^m^)vm &)v%)- ~ x - = xioo 

+ 2J> (3/ 4 + 1 6 ) + 6/ 2 / 3 

(^6) 

mmftmm (^;i/%) — *im*^Mk (=e)i%) 

/ 8 +/ 9 +/ 10 +/ u 

20 ni4 icfeitsa^fii < i «> — c i , , > i** i3©a^t ( 1 7 ) am 
fathmmizw&is. mam ( i 8 ) js«i#i«<d-ch 2 ch (oh) 

CH 2 CH 3 «(Cfclt'5^5 1 ;i/S©7jca, »4HS(I 9 > £il<D-C 
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h 2 ch (oh) ch 2 ch 3 *(cfcft-5 *^)vm<D*m. m^m ( I 10 ) 

liv SiM©-CH 2 CH 2 CH 2 CH 3 S(C*3(t^^^;i/S<D7jc^s « 
ttffi ( I 9 ) I*. C H 2 C H 2 C H 2 C H 3 Il:felt/3/ J-JUmCD 

5 (2) mmftm 

^tt§^iEVOH^l/7 hO. 20g^$if¥U, Ctl£#7K^ 
x / — JU (tK/ / 7x/-;U= 15/8 511%) 4 0 m L [C 6 0°C(CT 

( t 0 = 9 0^) , TIE<7)5t 7 (CcfcU @W (SIR) ttMT?]*#«>*:. 
10 (5*7) 

LVJ c 

77 sp= t / t 0 — 1 (specific viscosity) » 

7?rel= t/ t 0 (relative viscosity) 
C : EVOHH (g/L) 

O) ttfiwa^a 

5$ 3T^i£)feX5 : -U>^afcJ:^5C7-C*«>fe@W«ifi ([t|]) 
ffll/T, TIE<Dit8lcJ:tK f&ft¥J3B^& (Pv) &m#>fco 
20 (at 8) 

P v = ([77 1/0.0013 XEXP(-0. 13 X E /lOO)) (1/ < 0 - 65 " 0 059 * (E/100 "°- 2))) 

(4) tjuij ij&m&<D7£.m 

Isll E V O H ^ 1/ h€/^^^^(Ccfcy|»^Ufeo #£>tl7t$ft?$E V 
25 OH^ mm(D/>5U (i$7JK J IS Z-8 8 0 
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1 mm) T^50#(*U7to ±tZ<D&%[,\&mi&lsfcE VOH$»5fM 0 
stO. 0 1 m.7£<D&M7kmm5 OmL^I 0 0m L#t^#^H^7^ 
X3lCjgAU ^^P3 >^>1t-^#(t. 9 5°CT1 0 BS^If Jrt 

C 7 0 0 0 ^rffllNT^S^WU, N a <£ £K K -f tVroi^SIbfco 

io <Dm&&m7tm&nmT*mfco 

*^A: (HO 4ftft«fl|& I C S -C 2 5 

15 ;J»J£'fiJg : 4 0°C 

;§^£j&35E^ : 1 m L /m i n 

l7->^;i/rr^a^M : 5 0 ix L 

(5) *SUHfc^ (B) 

M^its^iEvoH^-y^i o o ezmtefrytfizAft* mm*p 

20 ?#6tt7t0C#£O. 0 1 ^^(D5i^7kj§>S2 0 OmL 

(6) u>@g*g (d) om.m 

e v o h nun 5g$o. 01 mfeof&mfcmm 2 5 m L IC&A 
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10 



15 



20 



25 



SI I C S - A 2 3 &mm m%tmt2. 5mM(OKit h "J £A<t 1 . 

(7) JimMittK 

ie.nfcgj|EVOH^l/7h^ (#0 m^lf^liS^mm2 Ommjf 
MD 2 0 2 0 (D (mm) = 20, L/D=20, ffiHib 2 . 0, X 

• *¥&;£Jg : C1/C2/C3/DI e=1 75/200/220/2 
3 0 °C 

4 0 r p m 
1 . 3kg/hr 
8 0 °C 

3 . 1 m / m i n 
20/im 



• y ^-a^gfe 

• 3ii*y p-;usjg 

• 5i«iy p-;w*a« 

5 0 h r - P >^>1£ 

i£JSMM&ft>& 5 o R#F B i^(D7^;i/A^-y-vyy 7*0), a 
*<dV)W?v m^x-nwc^^m i o o Mmja±<z>*>(£0 ^sifgu. 



A 
B 
C 
D 



mm 
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mm\d-A 10 2. 7kg 

*&J-J\s 18. 4kg 

2, 2' - 7"y t:X - (2, 

5 y -jumm mm :ig/L) 

B£M4ft*iJ *7JgJH±i£^fi 10 2. 7ml 

0. 32L/h 

ms^m 6 o °c 

fi^*fx^U>JE2> 39. Okg/cm 2 

10 BS'lftM 3 . 3 h r s 

T-JS/S^ 9 . 9 % 

s££t^f*(E>**,/-Jl/J§;£SSJg 2 Owt % 
20 N a O H <D ^ y - JUmm^m 2mol/L 

o. 4^e;|/% 

ttMbfflft 6 or 

It/uitrnm 5 h r s 

25 7fciHfc^MJ2A&3^6MnU£:a*£>. ^T§Pcfc U # y -JHI 
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y -jbmmzmm&* * s -j\,/7k= 7/3 <D : M-ezmm.%®.&fr. urn 
<Dmmmm&7k/ * & j -jwM^^izmjizim. 5 °c<d*& / 

1 0 % 7jc lex h^> K#Tffi£l±, to^r UT, iEVOHHUy 

£A» m.m*m±i U £ A, 2 0 mm o I / L -M^.<DwiMA<- lZ : MM$&M U 
T6 5°C~1 1 0 tT^l L/T E V O H ttl^^l^ U 7 h fco m 

mm(D^m<Dmms m^m^^cD^^m^m its o. 

1 wt -nx) vAmm v * ATtm&nm) it. i4o PPmi y 
10 >mmm oj>mm&mm) 4oppmt*^L ^ i9o°c 

tl^UfcM lit 1. 7T^fc. i^cEVOHWH^W 
(J±$&0y 1 ) 

n&mi&mtuTs 2, 2' -zytfx (2-^^;u^Phr^-nhu 

15 JIO 1. 2 1 8 &&V}miZi±&frW'$i&mMUTn'&m&5 

;u%<d e v o Hffimm.mwi&mrc: 0 ?#enfc e v o Hmmmmmo^m 
emmm 2 ) 

20 S^UT»2tE V A c^TIH^#T^?LU7tJU^Ii, J±3$0yi 

OftfrlCJ: U v 3 2 ^E;|/%<£> E V O Hfflmffl.f&tyl&mfra 

mztifz E V o H«tflgffl«E«9<oittllB4»Mfe J:t^n VUlfcOi&SJII 

&mi , 2 ic^iTo 

ICE V A c 1 50g ( ^I^I/V^iJ^-^^^^z-f;^ 0 0m 
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1 og^anu. +^(cjtr*. #ift$-tt£„ -ecD?^, mmm 

5 (mmm3) 

bf — )V 7 9. 2kg 

-JU 4 2. 5kg 

io a^^^^j^KBftiA^s 

(ilJg :25g/L) 12. 7kg 

±fE**y-;Ujgj£0. 22L/h 
15 E^SJg 3 0 °C 

B^tfx^UVJE^I 24. 2kg/cm 2 
M^-B#r B 1 3 . 0 h r s 

10. 7 % 

25. iEVOH©MiilI, «jtO(Olfr#rl£Jfl£it3, 4[C^^„ ^ E 
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ut&m 2 ) 

m&mi&mt [sXis*>#n'\*i,)\,/%-*4F'> v<n*$ 
j -jymm mm 3. sg/D 1. 0 4 l zmmiz{±&%.. -ccd?!, 
mko. 9 3 \./ h<Dmm.x*mm%:'n^. m&m&s 0 %t l^iu^m^, 
3 izmmnmmjifeizm cx e v o h &mfc 0 mnm<Dftvnfem. 

(ttmm 3 ) 

2 5 0 L-ertsi5ic^jpffl3^;u^<i^fejtr«#fi^m(cfet\ 

10 mm\d-JU 8 7. 6kg 

2 5. 5kg 

2, 2' -yyifX (4-^h + *>-2, 
'J JU) 7 7 g 

jR qmS 2 5 °C 

15 a^*fX^U>JEE2) 2 6. 0 kg/cm 2 

S£-H#Pa1 1 0 h r s 

^E/v'-JgJW 1 0 % 

20 ^;u%<hufeja^(inm0ij 1 <ti^*i<DiM*T?(tMbK/S£mK mmm 

1 tlRli^^i^lToTEVOHliJIilJl^^ifc. 

mxmwomsm&Mf&uxtsv , -^o^v^e voHit i, 2-^ 
25 v^-jimAm'ML, m&7£m&jzmiz&m£n&z\£tfwz>&izts:z> 
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<*1 ) 







m. a 


*JS3 ~ ~ 






+i 1 1 r*i A 

73 y v a 






CO 


(%) 


Kite 


(^l/%) 




a(ppm) 


(ppm) 




60 


9.9(3.3) 




32 


1100 


140 


40 


/Jlii 17'J ^- 


60 


50(3.3) 






i i a a 


1 A A 


40 


J±3$0|J 1 


60 


50(3.3) 




32 


1100 


140 


40 








(hrs) 








(12) 



















(=E)V%) 


****** >M(N) + 
(tJU%) 


1,2-9' 7<f3-* 

S(-e;u%) 




P 




0.01 


0.09 


0.71 


0.15 


A 


XJ&0II2 


0.01 


0.07 


0.71 


0.15 


A 




0.01 


0.16 


0.71 


0.14 


C 



(a 3) 





CC) 


Mo" ^ 
(%) 


JS7C 


(*EJU%) 


»A 


(ppm) 


(ppm) 


U 

(ppm) 


3 


30 


10.7(3.0) 




32 


800 


140 


1000 


20 




60 


50(3.0) 




32 


800 


140 


1000 


20 


ItttA 3 


25 


10(10) 




32 


800 


140 


1000 


20 



rJp©*©* v=irttt«^ll*rai (hrs) 
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(i4) 









1,2-0 






mmm 3 


0.01 


0.07 


0.50 


0.14 


A 




0.01 


0.16 


0.71 


0.15 


D 
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